Polling schemes are an important class of MAC protocols for Wireless LANs. A major drawback of these schemes is their inefficiency when only a small number of mobile stations have packets to transmit. In this paper we suggest a new polling MAC which exploits the capture phenomena and enables simultaneous polling and information packets transmissions. Simulation results show that the new MAC overcomes the above inefficiency considerably.
Introduction
Polling schemes are an important class of MAC protocols for cell based Wireless LANs [l] , [2] , [3] . The simplest polling scheme is when the BS polls every mobile station and checks if it has packet(s) to transmit. This scheme has a major drawback when only a small number of mobiles have packets to transmit [4] . Since the BS polls every mobile, it can happen that many mobiles are polled only to learn that they do not have packets to transmit, thus delaying the mobiles with packets unnecessarily. However, due to fairness reasons, every mobile must be polled in order to enable it to transmit when it has packets.
In this paper we propose a polling scheme that overcomes this inefficiency by taking advantage of the well known capture phenomena in radio channels [5] . We propose a polling scheme in which the BS always enables mobiles, with packets, to transmit continuously i'n a Round Robin fashion, while simultaneously enabling mobiles that recently received packets to announce on their will to join the transmission cycle.
The rest of the paper is organized as follows: In Section 2 we define the system model. In Section 3 we describe our new MAC, referred to as STRP (Simultaneous Transmit Response Polling) and in Section 4 we present simulation results for STRP, for the usual, classic polling scheme and for another modification to this scheme that we describe later. We assume that the system is static in the sense that mobiles are always connected to the same BS. An example for such a system is where one server serves several clients in a room. There are two transmission links in the system, an Upstream link from the mobiles to the BS and a Downstream link from the BS to the mobiles. The mobiles transmit to the BS in the Upstream link and the BS transmits to the mobiles in the Downstream link. The two links are independent. Mobile stations do not hear any transmissions on the Upstream link and so do not hear any transmissions from other mobiles. They only hear transmissions arriving from the BS on the Downstream link.
The mobile stations share the Upstream link and in the current paper we propose a new polling based MAC protocol that co-ordinates the transmissions among the mobiles stations on this link. Finally, we denote by .r the maximum propagation delay in the system, i.e. the propagation delay between the far most mobile to the BS, and assume that the minimum transmission time of an information packet is at least 4.r.
TheSTRPMAC
The STRP ( Simultaneous Transmit Response Polling) MAC utilizes three rings at the BS. The first ring, referred to as System ring, contains all the mobile stations in the system, in a cyclic order. For example, assume that the system contains stations 1-7, which are arranged in the System ring as depicted in Figure 2 . In a regular polling scheme, the BS checks with The other two rings are imposed and defined on the System ring. One ring refers to Active stations and the other ring refers to Idle stations. Active stations are stations that notified the BS that they have packets to transmit. Idle stations are stations that notified the BS that they do not have packets to transmit. We refer to the two rings as Active ring and Idle ring respectively.
Consider Figure 3 and assume that stations 1,3,4 and 6 announced the BS that they have packets to transmit. These stations belong to the Active ring. Stations 2,5 and 7 announced the BS that they do not have packets to transmit and so they belong to the Idle ring. The relative order in each ring is the same as in the System ring.
The Active ring
Assume that stations 1,3,4 and 6 are in the Active ring and in the order shown in Figure  3 . The BS gives the stations in the Active ring a permission to transmit in a Round Robin fashion, according to their order in the ring. Thus, station 1 transmits first, then stations 3,4 and 6 transmit and so on. The mechanism by which this is done is described later. Every station in the Active ring, when transmitting, announces the BS if it wants to stay in the ring for another round, i.e. if it has additional packet(s) to transmit except the one that it is currently transmitting. If the station has other packet(s), it is left in the Active ring.
Otherwise, the BS transfers the station to the Idle ring. The place in the Idle ring into which the station is inserted is imposed by the System ring. For example, if station 1 in Figure 3 is moved from the Active ring to the Idle ring, the resulting two rings are as shown in Figure 4 .
The Idle ring
Assume that stations 2,5 and 7 are in the Idle ring and in the order shown in Figure 3 . As mentioned, this ring contains the stations that announced the BS that they do not have packets to transmit. The BS polls the stations in the ring in a Round Robin order and asks every station if it has packet(s) to transmit. If a station does not have packets to transmit, it 
Active ring
The Idle and Active rings after station 2 is moved from the Idle to th Active ri is left in the ring. Otherwise, it is moved to the Active ring. Again, the place in the Active ring into which the station is inserted is imposed by the System ring. For example, if station 2 in Figure 3 is moved from the Idle ring to the Active ring, the resulting two rings are as shown in Figure . 5.
The transmission pattern
We now describe the method by which the BS enables stations in the Active ring to transmit and how it polls stations in the Idle ring. In our scheme we utilize the capture phenomena by which the BS is capable to receive and interpret a strong signal in the presence of a weaker signal. We divide the description below into three cases: The Active ring is empty but the Idle ring is not, the Idle ring is empty but the Active ring is not and finally we consider the case in which both the Active and Idle rings are not empty.
3.3.1
In this case the BS asks the stations in the Idle ring if they have information packets to transmit. The BS uses a special control packet, Query (Q), for this purpose. In Query, the BS includes the identity I of the station to which it transmits the packet. A station I in the Idle ring answers the BS with a No-Packet (NP) control packet if it does not have packet(s) to transmit. Otherwise, if I has information packet(s), it transmits one packet and announces the BS if it has more packets to transmit, and so whether it shall join the Active ring. The announcement is done by a special bit in the information packet which signals the BS if the transmitting station has more packets to transmit.
If the BS receives an information packet and an announcement from I that it has more In Figure 6 we show how the BS transmits to the stations in the Idle ring of Figure 3 assuming that only stations 2, 5 and 7 are in the system. The BS transmits a Q (Query) packet to station 2 which responds with a NP packet (point A). Thus, station 2 is left in the Idle ring. The Active ring is still empty and the BS, still in case 1, transmits a Q packet to the next station in the Idle ring, station 5. Station 5 has an information packet and it announces the BS that it has no more packets to transmit. Thus, station 5 is left in the Idle ring (point B). Then, the BS transmits a Q packet to station 7. Station 7 has packets to transmit. It transmits a packet and announces the BS that it has more packets to transmit. Thus, station 7 is moved to the Active ring (point C). Now, both the Active and the Idle rings are not empty and we are in case 3 to be described later. In this case the BS transmits another type of control packet, Q/T (Query/Trunsmit), to the next station in the Idle ring, which is again station 2. The way by which station 2 responds to this packet is described later, in case 3.
3.3.2
In this case the BS enables the stations in the Active ring to transmit information packets according to their order in the ring. The BS uses a special control packet, Transmit (T), for this purpose. In this packet the BS includes the identity I of the station to which it gives the permission to transmit. I transmits its information packet after receiving the Transmit packet. Also, I announces the BS if it has more packets to transmit. In case and I has more packets, it is left in the Active ring. Otherwise, it is moved to the Idle ring. Finally, after detecting the end of an information packet, the BS enables the next station in the Active ring, if such exists, to transmit. In Figure 7 we show how the BS transmits to the stations in the Active ring'of Figure 3 assuming that only stations I , 3, 4 and 6 are in the system. The BS transmits a T (Transmit) packet to station 1 which transmits an information packet and also signals that it has more packets to transmit and so it shall remain in the Active ring (point A). Thus, the Idle ring is still empty, the BS is still in case 2 and so it transmits a T packet to the next station in the Active ring, station 3. Station 3, upon receiving the T packet, transmits an information packet and signals that it does not have more packets to transmit. When the BS receives the packet, it transfers station 3 to the Idle ring (point B). Now, both the Active and the Idle rings are not empty and we are in case 3 to be described later. In this case the BS transmits another type of a control packet, Q/T (Query/Trunsmit), to the next station in the Active ring, station 4. The way by which station 4 responds to this packet is described below, in case 3 .
3.3.3
When both rings are not empty, the BS enables a station in the Active ring to transmit an information packet and polls a station in the Idle ring by the same control packet. This packet is denoted by Query/Trans,mit and it contains the identity I of the station in the Active ring that receives the right to transmit, and it contains the identity J of the station in the Idle ring to which the BS transmits a query.
When I receives the Query/Trunsmit packet, it begins to transmit its information packet. When J receives the Query/Transmit packet, it waits 27 time units and then begins to transmit a Jam if it has packet(s) to transmit and it wants to join the Active ring. Otherwise, if Jdoes not have packet(s) to transmit, it remains quiet. Station I transmits its packet by a strong signal while J transmits its Jam by a weaker signal. Notice that the Jam from J collides with the information packet from I . However, by the capture effect, since J transmits the Jam by a weaker signal than that of I , the BS succeeds in receiving the packet from I successfully. This mechanism, which exploits the capture phenomena by scheduling transmissions of different signal powers, is well known in the literature [6] . A last important remark to mention is that if the length of the information packets is fixed and known in advance, we can omit the use in the capture phenomena by enforcing a station in the Idle ring to compute, after receiving the QuerylTransrnit packet, when the transmission of the information packet is finished and then to transmit a i V P packet or an information packet, as described in case 1.
In Figure 8 we show how the BS transmits to the stations in the Active and Idle rings of Figure 3 . The BS transmits a Q/T (Query/Transmit) packet to stations 1 and 2 (point A). Station 1 begins to transmit its packet and station 2, assuming that it has packet(s) to transmit, transmits a Jam (point B). After the BS detects the end of the packet from station 1 (point C) and the Jam from station 2 (point D), station 1 is left in the Active ring and station 2 is moved to the Active ring. The BS transmits now a Q/T packet to stations 2 and 5. When this packet is detected by station 2, it stops to transmit the Jam (point E) and begins to transmit its information packet. Station 5, assuming that it has a packet to transmit, waits 2r time units and then begins to transmit a Jam (point F). Notice that the BS enables station 2 to transmit a packet immediately after it is inserted into the Active ring because it is the first station in the Active ring that appears after station 1 in the System ring.
Simulation results
Due to space limits we only show the results of one simulation test that we performed and that demonstrates the efficiency of STRP. We assume a system of 30 mobile stations that are all at the same, far most distance from the BS. Only 10 of them are transmitting and they all generate fixed length information packets, according to a Poisson process. We measured two quantities: the throughput of the system and the mean average delay, i.e. the mean time that elapse since a packet arrives at the head of the transmission queue and until its transmission begins.
We clearly compared between the performances of STRP and the usual polling scheme denoted by U-poll. However, notice that it is also possible to add the mechanism by which a station notifies the BS if it has more packets to transmit to the U-poll scheme. We add this mechanism to U-poll and a station that notified the BS that it does not have packets to transmit is not polled in the next round. We denote this scheme by M-poll (Modified Figure 9 . Clearly, STRP outperforms U-poll and M-poll significantly because the polling of the quiet stations, i.e. those stations that do not transmit, almost does not cost time in STRP because it is done together with the transmissions of information packets. An interesting point to mention is that according to the simulation parameters such as propagation delays, turnaround times etc. the highest throughput that can be achieved in a polling scheme if all the 30 stations transmit is 0.83 .
Notice that STRP achieves this throughput even if only part of the stations transmit and the effect of the quiet stations disappears. On the other hand, U-poll and M-poll both achieve lower throughput than the maximum possible. With U-poll the polling of the quiet stations prohibits transmissions of information packets. In M-poll the situation is better since the notification of the quiet stations that they do not have packets to transmit reduces the waste of time due to the unnecessary polling of these stations. 
